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(54) Process and Apparatus for the 
Praduotlon of Hydrogen and Oxygen 



(67) In the electrolytic production of 
hydrogen and oxygen by electrolysis 
of molten alkali metal hydroxide, the 



anode and cathode chambers are 
separated by means of a separator 
consisting of /5-AI2O,, which provides 
effective separation of the anode and 
cathode chambers and can withstand 
the hot alkali melt. A Nt anode and Nl 
or graphite cathode may be used. 
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SPECIFICATION 

Process and Apparatus for the Production of 
Hydrogen and Oxygen 

The invention relates to a process for the 
5 production of hydrogen and oxygen by electrolytic 
decomposition of water in an electrolytic cell 
containing a molten electrolyte which contains 
alkali metal tons and has a high OH* ion activity, 
wherein hydrogen and oxygen are separately 

1 0 withdrawn, and to an apparatus for canv^ng out 
this process. 

Increased attention Is being devoted to the 
production of hydrogen because hydrogen will 
probably acquire great economic importance as a 

1 5 future energy vehicle. IVIoreover, where thermal 
energy must be supplied for this purpose, solar 
energy and the energy produced in nuclear 
reactors can be utilised. 

The prior art Includes a number of processes 

20 for the production of hydrogen from water, most 
of which, however, will not go beyond the 
experimental stage. 

The only hitherto^nown process which has 
been applied on an industrial scale Is one In which 

26 hydrogen and oxygen are produced by electmtysis 
using as electrolyte an aqueous solution of 
potassium hydroxide in a proportion of about 26% 
by weight The process is carried out at a 
temperature between 70 and 90 ^'C. in this 

30 process, steel Is used as the material for the 
necessary electrolytic cell and for the cathode, 
and;nlckei^a^d used for the anode- 

■ ■ ;J^^^^^c^e^Sf^^^n^ 

.35 hlghrv^Bi' a cUrre 

200 mA/cm^ the average energy consumption is 
4.6 kWh/NIm^ of and in the most favourable 
case 4.2 k>/Vh/Nm' of H2 (see A Schmidt 
"Angewandte Elektrochemie [Applied 

40 Bectrochemlstryj", Verleg Chemie, Welnhelm, 
1976, page 126). 

Endeavours have already been made to lower 
the energy consumption In the production of 
hydrogen by canving out the electrolysis under 

45 elevated pressure, although the decomposition 
voltage Increases with Increasing gas pressure. 
However, an advantage of this Is that the Increase 
In the voltage is cancelled out because the gas 
bubbles formed In the electrolyte occupy a 

50 substantially smaller volume owing to pressure 
Increase, so that the electrolyte resistance and 
hence the cell voltage decreases {see A. Schmidt 
"Andgewandte Elektrochemie", Veriag Chemie, 
Welnhelm, 1 976, page 1 27). Nevertheless, there 

55 Isthedlsadvantage that the cost of the apparatus 
employed for the electrolysis Is thereby 
considerably Increased. 

The prior art also Includes a process In which 
pure water Is decomposed with the use of a solid 

60 electrolyte. In this case, there Is employed as the 
electrolyte sulphonated poiytetrafluoroethylene 
which Is known by the abbreviation PTFE (see L 
J. Nutall, A. P. Rckstt, W. A. TItterington, 
"Hydrogen Generation by Solid Polymer 



65 Electrolyte Water Electrolysis", Proc. Energy Conf. 
Miami, 1 974. page 9 — 33 to page 9 — ^37). it Is 
true that this process has the advantage that It Is 
unnecessary to use a diaphragm for separating 
hydrogen and oxygen, as was considered 

70 desirable In the process known until then. It 
also has the advantage that pure water can be 
employedi so that corrosive Influences are 
eliminated. However, a considerable disadvantage 
of this known process resides In the fact that 

75 platinum must be used as the electrode material 
which substantially precludes application on an 
industrial scale. 

Owing to the unsatisfactory results of the 
hitherto-known processes for the production of 

80 hydrogen and oxygen, It has also already been 
proposed, as a reversal of the procedure In 
H2'-02fuel cells, to produce hydrogen and oxygen 
with the use of a 26% potassium hydroxide 
solution at a working temperature of 80^ C. in this 

85 case, an electrode made from hot-pressed 
carisonyi nickel, produced by decomposition of 
nickel carbonyl, was used as the highly porous 
cathode. 

The two electrolysis chambers necessary for 
90 carrying out the electrolysis were separated by an 
asbestos paper diaphragm (H. Ewe, "Chemie- 
Ingenleur-Technik", MS 322/76). For Improving 
this process, it has also already been proposed to 
make the cathode and In addition the enode of 
95 Raney nickel, in order thereby to achieve 
activation. Consequentiy, the cell voltage was 
: re<j uced 1^^^ djMdyanj^g^ of this 

i 00 energy hecess^ 
still high. 

The proposals for obtaining hydrogen and 
oxygen In the most economical manner possible 
also include a process In which the energy 

1 05 liberated by a high-temperature reactor is utilised 
for the production of a water vapour phase with a 
temperature of about lOOO'^C and the water 
vapour Is spilt by means of a solid electrolyte. The 
material employed for the electrolyte Is ZrOj (see 

110 W. Ddnltz "Chemle-lngenleur-TechnIk", MS 
323/76, and W. Baukal, M. Ddbrich, W. Kuhn 
"Chemle-lngenieur-TechnIk", 48th year, 1 976, 
No. 2, page 132). This process has the advantage 
that considerable thermodynamic and kinetic 

^15 advantages are obtained from the use of a solid 
electrolyte: the stabilised ZrOj used as electrolyte 
In this process Is at the same time a conductor of 
oxygen Ions. The electrolyte which Is in contact 
with porous electrodes on both sides 

1 20 simultaneously separates the two gas chambers 
from one another. However, a disadvantage 
resides In the fact that for cairylng out the 
process, the water vapour must be brought to a 
temperature of at least 900*'C, at which the solid 

1 25 electrolyte has sufficient electrical conductivity. 
Therefore, only at temperatures above 900*'C 
does an electrolytic decomposition take place. 
Owing to these high temperatures which are 
necessary for canying out this process, the 
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possibility of appficatlon on an rndustrlal scale la 
not yet apparent or is in any case possible only to 
a llmfted extent 
The oblect of the invention is to provide a 
5 process, and apparatus for canning out the 
process, by means of wliich it is made possible to 
obtain hydrogen and oxygen under economical 
conditions, so that the process can be applied on 
a large Industrial scale. A particular aim is to 
1 0 reduce the necessary consumption of eiectrlcaf 
energy as compared with the hitherto-known 
processes. 

A method suitable In principle for achieving 
this object is an electrolytic decomposition of 

^ g water which is passed as vapour Into a melt 
containing 0H~ in particular into a melt 
containing alkali metai ions, as is already 
described in U.a Patent Specification 1 ,643,357. 
i^owever, the conditk>ns indicated In this U.S. 

20 patent specification do not result in industilaify 
useful production of hydrogen, and in particular 
the Indicated separation of the anode chamber 
and cathode chamber by bells or a greeter or 
lesser spatial distance does not permit a strict 

25 suppresion of the diffusion of gases so that 
economic losses, which are no longer tolerable 
nowaday, are incurred by back-diffusion of gas. 
The considerable spatial separation, which is 
necessary in the kriown process, between the 

3Q catliode and the anode lias the consequence that 
unduly high voltage drops arise within the cell, 
and tiiese virtually cancel out the competitiveness 
of the process. Moreover, the current efficiency Is 
greatly at 

,^^'.Ic^^^^^^^^^^^^^ii^^^^^^lhe " 

-- U^. patent specification, the resulting reductions 
in yieid by about 1 0% are no longer acceptable 
economically. 

40 A strict separation of the anode chamber from 
the cathode chamber should provide a remedy for 
this, but it is very difUcutt to find separators which 
are durable and can be used In the hot aikalt melt 
On the laboratory scale, corundum diaphragms 

45 ara known, but these are completely unsuitable 
for undustrial use on a relatively large scale since, 
on the one hand, they cause a very high 
resistance in tiie electrolytic cell, end, on the other 
hand, large-area separators are extremely difficult 

50 to manufacture. 

It has now been found that an industrially 
satisfectory electrolytic decomposition of water is 
an electrolytic cell, containing a molten 
electrolyte, can be achieved In an elegant manner 

55 when the anode chamber is separated from the 
cathode chamber by a separator consisting of an 
aluminium oxkle modification vy^lch Is known as 
jS-AljOs and is an Ionic conductor. 

According to .one aspect of this invention there 

60 is provided a process for the production of 
hydrogen and oxygen by electrolytic 
decomposition of water in an electrolytic cell 
containing a molten electrolyte which contains 
alkali metai Ions and has a substantial OH" ion 

65 activhy, wherein hydrogen end oxygen are 



separately withdrawn, characterised in that the 
anode chamber is separated from the cathode 
chamber by a separator consisting of an 
aluminium oxide modification which is known as 

70 )3-At20a and 1b an Ionic conductor. 

Embodiments of this process can achieve a 
considerable reduction in the consumption of 
electrical energy as compared with the hitherto- ' 
known processes. In addition, embodiments of 

75 the process are suitable for performance at 
temperatures which render possible a supply of 
thermal energy in a relatively simple manner. The 
process can be carried out using materials for 
canrying out the reactions, such that there Is no 

80 undue danger to the environment 

In a second aspect the invention provides an 
electrolytic cell for canying out the process, 
having a nickel anode, nickel or graphite cathode. 
The invention will be further explained with 

85 reference to the attached drawings in which. In 
particular 

Rgure 1 1s a diagrammatic representation of an 
electrolytic cell, (llustratlfg the mode of action of 
the decomposition of water according to the 
90 invention, and 

Rgure 2 shows graphically the decrease in 
weight of a J^AIjO, separator under operating 
condlttons. 

It can be seen from Rgure 1 that the^/J-AI^ Oa 
95 diaphragm merely ellows alkali metal Ions to pass 
through, whilst oxygen and hydrogen remain 
separate In the particular electrode chambers and 
can be withdrawn separately from the latter. To 
::»3ti«|yr^ 

that a cany-over of gasea b impos^ble. 

In addition to the advantage already mentioned 
that a complete separation of the gases Is 

105 achieved, the separation, according to the 

Invention, of the anode chamber from the cathode 
chamber by means of a ^-Al20^ separator has the 
advantage tiiatthe total cell voltage can be 
reduced since, according to the invention, 

110 electrode spadngs are possible which merely 
correspond to the wall thickness of the 
separator, that is say they can amount to 
about 1 to 3 mm in practice. The electrical 
resistivity can here be even lower than that of the 

-| 1 6 melt. Moreover, virtually 1 00% current efficiency 
is achieved according to the invention since a 
transfer of peroxide compounds formed at the * 
anode Into the cathode chamber is suppressed. 
The electrolysis according to the Invention Is 

120 prefer^lycanied out at temperatures of 300 to ^ 
600''C. 

Suitable electrolytes are salts or salt mixtures 
which have a Oi^" Ion activity corresponding to an 
alkali metel hydroxide content of at least about 

125 6% by weight and the melting point of which Is 
below 800®C, In particular in the range from 300 
to 600^C. Preferably, at least one of the salts Is 
represented by an alkali metal hydn^xide which, in 
particular, can be sodium hydroxide. Thus, sodium 

1 30 hydroxide atone or mbctures of sodium hydroxide 
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wfth other alkad metal hydroxides and/or alkali 
metal salts. In particular sodium salts, such as 
fluorides, sulphates or carbonates, are particularly 
suitable. The addition of lithium hydroxide which 

* 5 reduoesthe water content of the product gas and 

has an Inhibitory action on the formation of 
peroxide Is particularly advantageous. Potassium 
' hydroxide appears to be less suitable. 

A somewhat hygroscopic character of the 
1 0 electrolyte has the advantage that the release of 
undecomposed water vapour together with the 
product gases Is reduced. Preferably, the 
electrolyte should thus contain a compound 
which IS hygroscopic under the operating 
15 condi^tions. 

The normal water content of the electrolyte 
melt will be In the region of about O.B to 4% by 
weight 

The p-AIaOj separator provided according to 
20 the invention has a surprisingly high stability In 
melts of the abovementfoned type, and it was 
possible to demonstrate this by conoslon tests 
extending over a prolonged period. The result is 
shown in Figure 2, which Is a plot of corrosion In 
25 mg. cn"^ day"^ against operating time in hours. 
From' this It can be seen that only a very slight 
corrosive consumption of the separator takes 
place, and this is virtually constant In time. The 
data were recorded In respect of operation at 
30 41 0**C In molten sodium hydroxide containing 
0.5% by weight of water. 

A high OH" Ion activity of the electrolyte and 
the|^lit|y^lY l^^^ ^ 

• 35 "l^^^^^f^^n^^l^ 

grcatUy'^w 

kinetlcally under these conditions. It may be 
desirable for the water vapour passed through or 
Into the melt to be under a pressure above normal 

40 ambient pressure. 

Nickel Is very suitable as the material for the 
cathode and anode. It can, however, also be 
advantageous to use graphite as the material for 
the cathode and to use nickel as the material for 

45 the anode. 

For supplying the water vapour In a partlculariy 
advantageous manner, the cathode may be 
constructed as a hollow body through which the 
water vapour Is supplied. 

50 The current density may be Improved by 
making the cathode or the cathode and anode 
porous. 

According to a preferred embodiment of the 
Invention, porous electrodes can be brought into 
•55 direct contact with the mutually opposite surfaces 
of the separator. 

If sodium hydroxide Is used as the salt melt. It 
has bean found desirable to use nickel or nickel- 
coated iron as the material for the cell provided to 
60 recehfe the electrolyte. 

Example 1 

Water vapour under normal pressure was 
electrolysed In a NaOH melt at 430^0. The water 
vapour was Introduced Into the melt through a 



55 porous graphite electrode which contained 
interstitial povwiered activated charcoal (obtained 
by drawing a suspension of activated charcoal 
through under suction and subsequent drying). A 
nickel gauze was used as the anode. For 

70 separating and 0,, a ceramic diaphragm 
consisting of a solid /J-AljO^ electrolyte was 
provided. The partition had a resistivity of about 
0.1 0 cm at the operating temperature. This value 
is virtually negligible as compared with the 

75 electrical resistivity of the NaOH melt of about 
0.45 Q cm. This was confirmed by an additional 
measurement which was made. 

An cr-AiPa cnjclble was used as the 
electrolytic cell. Alternatively, a nickel crucible 

80 may be employed. Hydrogen was evolved at the 
cathode, and oxygen was anodically formed. The 
nickel anode had become covered with a 
protective layer of nickel oxide; the corrosion of 
the anode was negligible during the experimental 

85 period, and a zero value was measured In 
practice. 

For the removal of moisture, the NaOH melt 
had been dried before the electrolysis by passing 
argon (99.99%) through for three hour&The 

90 measured residual current density which 

con^sponds to the residual moisture has a value 
of 1 0 mA/cm^ at a cell voltage of 1250 mV and a 
value of 25 mA/cm^ at a cell voltage of 1 400 mV. 
After the Introduction of water vapour, the 

95 measured cunent density had a value of 200 
mA/cm* at a cell voltage of 1200 mV and reached 
a value of 400 rriA/cm* at a cell voltage of 1400 

100 Example 2 

Water vapour under normal pressure was 
electrolysed In a NaOH melt at 400*0. Sheet 
nickel was employed as the electrode material 
both for the anode and for the cathode. The water 

1 05 vapour was Introduced Into the melt through a 
separate vapour duct In the neighbourhood of the 
cathode. The amounts of hydrogen and oxygen 
produced by the electrolysis were analysed by gas 
chromatography and the current efficiencies were 

1 1 0 calculated from these values. During the 

electrolysis which was Initially canied out without 
separation of the two electrode chambers, the 
current efficiency was 9096 of theory. 
Subsequently, an electrolysis was can-led out 

115 under the same conditions with the same cell 
geometry, but with the electrode chambers 
separated by a jJ-AljO, separator. The cun^nt 
efficiency measured as before now reached 98 to 
99% of theory. 

1 20 A molar ratio, depending on the current 

density, of 20:1 (H^OrHa) was measured at 400 
mA/cm* In the product gas from the electrolytic 
celL 

Example 3 

1 25 Water vapour under normal pressure was 
electrolysed In a hydroxide melt of the 
composition NaOHllOH=1 :1 . The construction 



and dimensions of the ceh were not changed from 
those of Example 2. A molar ratio of HjOiH^ of 8;1 
at a current density of 400 mA/cm^ was 
measured in the product gas from the electrolytic 

5 cell. This means that the water content of the 
product gas was markedly reduced under the 
conditions of this example. 

The current efficiency measured as In Example 
2 was in this case virtually 100% of theory, that is 

1 0 to say it was yet further improved. To enable the 
Improvement in current efficiency, which can be 
achieved by modifying the electrolyte, to be 
demonstrated even more clearly, the cun-ent 
efficiency was detemilned without a separator 

1 5 (under the same conditions). In this case, the 
efficiency was 96% as compared with 90% 
(which was obtained under the same conditions 
but using the electrolyte of Example 2). In tills 
latter case, that is to say without the use of the 

20 separator.theseparationof gas had of course 
deteriorated. 

Claims 

1 . Process for the production of hydrogen and 
oxygen by electrolytic decomposition of water in 

25 an electrolytic cell containing a molten electrolyte 
which contains alkali metal ions and has a high 
OH" ion activity, wherein hydrogen and oxygen 
are separately withdrawn, characterised in that 
the anode chamber is separated from the cathode 

30 chamber by a separator consisting of an 

aluminium oxide modification which is known as 
/i^^Og and^isenionicOT^ 
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3. Process according to claim 1 or claim 2, 
diaracterised In that the electrolyte contains a 
compound which is hygroscopic at the operating 
temperature. 

40 4. Process according to any one of the 

preceding claims, characterised In that an alkali 
metal hydroxide or an alkali met al hydroxide 



mixture, if desired together with alkali metal salts, 
is used as electrolyte. 
45 5. Process according to claim 4 characterised 
In that sodium hydroxide is used as the alkali ' . 
metal hydroxide. 

6. Process according to claim 5 characterised 
in that a mixture of lithium hydroxide and sodium 

50 hydroxide is used as electrolyte. ^ 

7. Process according to any one of the 
preceding claims characteilsed in that water 
vapour Is passed through or Into the melt under a 
pressure alsove ambient pressure. 

55 8. P racess for the production of hydrogen and 
oxygen according to claim, substantially as 
described herein. 

9. Electrolytic cell for carrying out the process 
of any one of the preceding claims, having a 

60 nickel anode, a nickel or graphite cathode, a ^ 
AljOa separator separating the anode chamber of 
the cell from the cathode chamber, means for 
supplying water vapour to the electrolyte and 
means for separately withdrawing hydrogen and 

65 oxygen from the cathode chamber and anode 
chamber respectively. 

1 0. Electrolytic cell according to claim 9, 
characterised In that the cathode Is constructed 
as a hollow body for the supply therethrough of 

70 water vapour to the electrolyte. 

1 1 . Electrolytic cell according to dalm 9 or 
claim 10 characterised In that either the cathode 
or both the anode and the cathode are porous. 

12. Electrolytic cell according to any one of 
75 claims 9 to 11 wherein the electrodes are in 



T3;?Eiectrolyt^c c^ any iane of 

claims 9 to 1 2, characterised by a recehrer vessel 
80 for the electrolyte, which vessel consists of nickel, 
nlckelH:oated Iron or a-alumlna. 

1 4. Electrolytic cell according to claim 9 and 
substantially a& herein described with reference to 
the drawings. 
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